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Introduction 

This  is  the  second  year  report  for  this  grant  which  essentially  covers  a  4  month 
period  from  Mar/02  -Jun/02.  In  November/00  the  PI  relocated  his  laboratory  from  the 
Cleveland  Clinic  to  Roswell  Park  Cancer  Institute.  With  delays  in  providing  relinquishing 
notices  from  the  CCF  and  delays  in  effecting  the  transfer  by  DOD  we  have  only  recently 
able  to  assign  a  replacement  scientist  to  the  project. 

Body 


We  previously  reported  that  we  raised  polyclonal  antibodies  specific  to  the 
TACCl  protein.  Using  these  antibodies  we  have  been  able  to  examine  the  expression  of 
the  TACCl  protein  in  cell  lines  available  to  us.  MDA-MB-468  and  T47D  cells  lines 
showed  overexpression  of  TACCl  in  these  assays,  compared  to  the  immortalized,  but  not 
transformed  MCFIOA  cells.  Amplification  of  the  8pll  region  has  not  been  observed  in 
these  cell  lines,  suggesting  that  TACCl  expression  may  be  aberrantly  regulated  by  cell 
signaling  pathways  that  are  disrupted  in  breast  tumors.  Intriguingly,  MCF7  express 
TACCl  at  relatively  low  levels  compared  to  MCFIOA.  The  preparation  of  an  antibody 
and  the  demonstration  of  expression  of  TACCl  in  breast  tumors  cells  completes  task  1  of 
the  original  proposal. 

It  has  been  repeatedly  demonstrated  that  DNA  amplification  results  in  the 
overexpression  of  critical  gene(s)  within  the  amplicon,  which  then  results  in  the  increased 
proliferation  of  the  cancer  cell.  We  have  now  determined  the  conditions  required  to 
introduce  TACCl  constructs  into  breast  tumor  cell  lines,  such  as  MCF7  and  MDA-468, 
lacking  the  8pll  amplicon.  We  are  now  in  the  process  of  introducing  these  new 
constructs  into  these  cells  and  will  generated  stable  cell  lines  expressing  TACCl.  These 
cell  lines  will  allow  us  to  measure  alterations  in  cellular  growth  and  division  rates,  to  see 
if  either  of  these  constructs  lead  to  a  phenotype  which  mimics  the  progression  to  higher 
grade  malignant  tumors.  Because  there  is  a  correlation  between  8pl  1  amplification  and 
metastasis  to  the  axillary  lymph  nodes,  it  will  also  be  important  to  demonstrate  whether 
these  constructs  will  alter  the  motility  of  these  cells.  We  will  next  perform  cell  migration 
assays,  to  show  whether  breast  cancer  cell  lines  expressing  these  constructs  have  an 
increased  ability  to  migrate  in  vitro  in  a  marmer  analogous  to  metastasis,  and  whether 
there  is  a  correlation  between  phenotype  and  the  levels  of  expression  of  the  TACCl 
protein.  These  overexpressing  cell  lines  will  also  be  used  to  analyze  the  intereactions 
between  TACCl  and  potential  binding  proteins  in  the  context  of  breast  cancer  cells. 

To  elucidate  the  potential  fimction  of  TACC  1,  we  have  chosen  to  identify 
proteins  that  may  interact  with  TACCl.  We  are  using  an  in  vivo  system,  the  yeast  two- 
hybrid  assay  for  detecting  potential  protein-protein  interaction  by  a  functional 
complementation  assay  in  yeast.  Functional  interactions  between  the  target  protein  and 
proteins  expressed  in  frame  from  the  cDNA  library  of  interest  are  detected  by  expression 
of  two  reporter  genes  in  the  yeast  genome.  Positive  clones  can  then  be  isolated  and 
sequenced.  Coimmunopreciptitation  and  in  vitro  association  techniques  are  then  used  to 
confirm  that  these  interactions  occur  within  mammalian  cells. 

Our  initial  search  of  potential  TACCl  interacting  proteins  used  an  adult  cDNA 
library,  derived  from  bone  marrow.  This  screen  identified  two  known  genes,  SIAHl  and 
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GAS41,  two  proteins  implicated  in  potential  growth  control  pathways  in  different  cell 
types.  We  have  now  repeated  this  yeast  two  hybrid  screening  procedure,  this  time  using 
an  adult  mammary  epithelial  cDNA  library  (Clontech).  Approximately  10^  transformants 
were  plated  and  selected  on  His'  selective  media  containing  lOmM  3-aminotriazole.  Of 
the  69  His"^  clones  originally  isolated,  38  proved  positive  when  assayed  for  p- 
galactosidase  activity  using  the  colony  lift  assay.  Encouragingly,  a  proportion  of  clones 
represented  the  SIAHl  and  GAS41  proteins  described  above,  suggesting  that  TACCl 
could  interact  with  these  proteins  in  normal  mammary  epithelial  cells.  In  addition, 
subsequent  isolation  and  sequence  analysis  revealed  that  four  clones  corresponded  to  the 
carboxy  terminal  529  amino  acids  of  the  human  ch-TOG  protein.  ch-TOG  is 
overexpressed  in  colonic  and  hepatic  tumours,  relative  to  normal  tissues,  suggesting  that 
the  TACCl-chTOG  complex  could  also  impact  on  the  dynamics  of  cell  proliferation  and 
transformation.  During  interphase,  the  human  TACC  proteins  are  found  at  low  levels 
within  the  cytoplasm,  with  an  increased  accumulation  of  TACCl  in  the  nuclei  of  most 
cells  within  the  cell  population.  Upon  entering  mitosis,  the  TACCl  begins  to  associate 
with  the  centrosome  and  the  mitotic  spindle,  although  the  interaction  between  TACCl 
and  microtubules  appears  to  be  indirect,  requiring  the  presence  of  another  protein.  The 
ch-TOG  protein  fulfills  this  role  in  that  it  is  able  to  interact  directly  with  microtubules. 
Interestingly,  the  clones  that  we  identified  corresponded  to  the  carboxyl  terminal  529 
amino  acids  of  ch-TOG.  This  region  contains  the  tubulin  dimer-binding  domain,  required 
for  microtubule  nucleation.  Thus,  by  binding  to  carboxy  terminus  of  ch-TOG,  TACCl 
could  either  compete  with,  or  stabilise  the  binding  of  the  tubulin  dimer  to  ch-TOG. 
Alternatively,  through  its  interaction  with  ch-TOG,  TACCl  could  bring  regulatory 
proteins  into  the  vicinity  of  the  growing  microtubule.  In  either  scenario,  aberrant  TACCl 
expression  could  have  a  profound  effect  on  the  microtubule  network  and  mitotic  spindle, 
leading  to  cell  cycle  and  mitotic  division  defects  in  breast  tumor  cells. 

We  have  previously  shown  that  native  TACCl  shows  an  enhanced  accumulation 
in  the  nucleus  of  cells  in  culture.  Similarly,  nuclear  accumulation  of  TACC2  also 
increases  in  human  microvascular  endothelial  cells  in  response  to  treatment  with 
erythropoietin.  This  suggests  that  TACC  proteins  may  play  a  role  in  signal  transduction 
to  the  nucleus  in  response  to  certain  cytokines.  The  murine  Tacc3  protein,  AINT,  has 
recently  been  shown  to  interact  via  the  TACC  domain  with  the  ARNT  transcription 
factors.  Thus  it  is  tempting  to  speculate  that  TACC  proteins  may  be  involved  in  the  final 
stages  of  signal  transduction  in  the  nucleus,  providing  a  structural  link  enhancing  the 
binding  of  DNA  sequence  specific  transcription  factors,  such  as  ARNT,  to  a 
GAS41/NuBIl  containing  basic  transcription  factor  complex  in  the  nucleus.  This 
hypothesis  is  further  supported  by  the  observation  that  overexpression  of  Tacc3  can 
enhance  the  ARNT  mediated  hypoxic  induction  of  the  erythropoietin  promoter,  and  can 
also  increase  the  activation  of  a  xenobiotic  response  element-luciferase  reporter  by 
dioxin.  Dysregulation  of  the  TACCl  and  GAS41  proteins  may  therefore  contribute  to 
breast  tumourigenesis  by  altering  the  transcriptional  response  to  cell  signaling  pathways. 

Another  protein  identified  from  the  mammary  epithelial  cDNA  library  is  L-Sm7. 
LSM-7  is  a  component  of  a  protein  complex  involved  in  splicing  of  pre-mRNAs,  as  well 
as  their  subsequent  degradation.  We  have  mapped  the  precise  location  of  the  binding  site 
in  TACCl  for  this  protein  by  using  smaller  sections  of  the  TACCl  cDNA  and  carrying 
out  yeast  two-hybrid  analysis.  The  binding  site  for  LSm-7  partially  overlaps  those  of 
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GAS41  and  SIAHl,  suggesting  that  these  proteins  could  compete  with  each  other  to  bind 
TACCl.  However,  LSm-7  also  binds  to  the  conserved  coiled  coil  domain,  suggesting  that 
these  proteins  could  also  interact  with  the  TACC  domain  of  TACC2  and  TACC3. 
Antibodies  to  LSm-7  do  not  exist.  Therefore,  we  are  currently  cloning  this  cDNA  into 
vectors,  which  will  allow  expression  of  this  protein  as  an  EGFP  fusion  product.  When 
transfected  into  mammalian  cells,  we  will  then  be  able  to  verify  the  interaction  between 
TACCl  and  LSm-7  by  coimmunoprecipitation.  We  will  then  be  able  to  examine  how 
these  interactions  alter  during  progression  of  breast  tumors  to  higher  grade  metastatic 
carcinomas. 

Thus,  we  have  fully  verified  the  interaction  of  GAS4 1 ,  and  ch-TOG  with  TACC  1 
in  breast  cancer  cells.  Verification  of  interactions  with  LSm-7  and  SIAHl  proteins  are 
still  ongoing.  Our  original  task  6  was  to  screen  cDNA  libraries  to  identify  full  length 
genes  interacting  with  TACC  1 .  This  task  has  largely  been  unnecessary  to  this  point  since 
all  of  the  genes  showing  interactions  are  available  as  full  length  sequences. 

Task  1  Complete 

Task  2  In  Progress 

Task  3  Complete 

Task  4  Complete 

Task  5  In  progress 

Task  6  Redundant 


Key  Research  Accomplishments 

1)  Demonstration  that  TACCl  interactions  with  the  transcription  factor  GAS41  using 
immunoprecipitation,  and  immunohistochemistry 

2)  Identification  of  the  interaction  between  TACCl  and  ch-TOG,  a  protein  involved  in 
the  maintenance  of  the  mictrotubule  network 

3)  Identification  of  the  potential  interaction  of  LSm-7,  a  protein  involved  in  RNA 
splicing  and  degradation. 

Reportable  Outcomes 

Lauffart  B,  Howell  SJ,  Tasch  JE,  Cowell  JK,  and  Still  IH.  (2002).  Interaction  of  the 
Transforming  Acidic  Coiled-coil  1  (TACCl)  protein  with  ch-TOG  and  GAS41/NuBIl 
suggests  multiple  TACCl  containing  protein  complexes  in  human  cells.  Biochemical 
Journal  363:195-2002. 

Conclusions 

We  have  generated  a  TACCl -specific  polyclonal  antibody,  which  has  allowed  us 
to  confirm  that  TACCl  interacts  with  GAS41,  strongly  suggesting  a  role  in 
transcriptional  regulation  in  breast  cancer  cells.  This  view  is  further  supported  by  the 
immunohistochemical  demonstration  of  an  enrichment  of  TACCl  in  the  nucleus  of 
interphase  cells.  Furthermore,  during  mitosis,  TACCl  associates  with  the  mitotic  spindle, 
possibly  via  the  chTOG  protein.  Attempts  are  underway  to  create  stable,  TACC  1 
overexpressing  cell  lines  in  order  to  further  characterize  the  role  of  TACCl  in  signal 
transduction,  the  cell  cycle  and  mitosis  and  how  this  promotes  the  malignant  phenotype. 
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